All tested strains of halophilic archaebacteria of the genera Halobacterium, Haloarcula, Haloferar, and Natronobacterium lysed in 1% Bacto-Peptone (Difco) containing 25% NaCl, whereas no lysis was observed with other strains belonging to archaebacteria of the genera Halococcus, Natronococcus, and Sulfolobus, methanogenic bacteria, and moderately halophilic eubacteria. Substances in Bacto-Peptone which caused lysis of halobacteria were purified and identified as taurocholic acid and glycocholic acid. High-performance liquid chromatography analyses of peptones revealed that Bacto-Peptone contained nine different bile acids, with a total content of 9.53 mg/g, whereas much lower amounts were found in Peptone Bacteriological Technical (Difco) and Oxoid Peptone. Different kinds of peptones can be used to distinguish halophilic eubacteria and archaebacteria in mixed cultures from hypersaline environments.
Extremely halophilic rod-shaped bacteria require high concentrations of NaCl for growth and cell integrity and lyse immediately when exposed to low salt concentrations (17) . Some complex media have been used for the cultivation of the extreme halophiles, e.g., Sehgal and Gibbons Complex (SGC) medium (6) with Casamino Acids and yeast extract, or a medium with Oxoid bacteriological peptone (2) . Oesterhelt and Stoeckenius (15) pointed out that Halobacterium halobium, a representative strain of extreme halophiles which produces purple membrane, lysed in media containing 1% Difco Bacto-Peptone (catalog no. 0118-01) even though the NaCl concentration was at an optimal level, 25%; they recommended the use of Oxoid Bacteriological Peptone L37 or Difco Peptone Bacteriological Technical (catalog no. 0885-02). In this study we looked further into the action of Bacto-Peptone and studied its effects on other extreme halophiles, methanogens, and sulfur-dependent thermoacidophiles, the three branches of the archaebacteria, as well as on moderately halophilic eubacteria. We also purified and identified the lytic substances in Bacto-Peptone.
MATERIALS AND METHODS
Bacterial strains and growth. Non-alkaliphilic extreme halophiles (25) were cultivated at 37°C in SGC medium (6) containing 18 or 25% NaCl, depending on the salt requirements, or in sea water medium with 25% (wt/vol) salts (8, 19) . Alkaliphilic extreme halophiles, Natronobacterium sp. and Natronococcus sp. (24) , were grown in a medium of the following composition (grams per liter): yeast extract, 10; Casamino Acids, 7.5; trisodium citrate, 3.0; KCl, 2.0; MgSO4 7H20, 1; MnCI2 -4H20, 0.00036; FeSO4 7H20, 0.05; NaCI, 200; and Na2CO3. 10H20, 50 (final pH, 9.5 to 10.5). SGC medium (6 or 18% NaCI) was used for the cultivation of moderate halophiles, and SGC with no added NaCl was used for the cultivation of Escherichia coli. Methanogenic bacteria (kind gifts of G. D. Sprott) were cultivated as described elsewhere (22) . Sulfolobus acidocaldarius 7, a gift from T. Oshima, was cultivated at 82°C (4 Halobacterium cutirubrum, an indicator organism used to check lytic activity, was cultivated in a chemically defined synthetic medium (6) or in SGC, harvested, suspended in 25% NaCl containing 0.1 M MgCl2 at an optical density of about 2 (578 nm), and kept at 40C. A 1.5-liter volume of a 20% solution of Bacto-Peptone was dialyzed at 5°C against 8 liters of distilled water for 5 h and then overnight against another 8 liters of distilled water. The water outside the tubing was applied to a column of Merck LiChroprep RP 18 (particle diameter, 25 to 40 ,um [2 by 100 cm]), and the column was washed with distilled water. The lytic substance was eluted with 30% methanol. The eluate was concentrated in vacuo to remove methanol, and the concentrate was freeze-dried. The beige powder obtained was dissolved in a small volume of distilled water, and further purification was done by high-performance liquid chromatography (HPLC) using a column of YMC-GEL ODS S-343 (1-15) (particle diameter, 20 by 250 mm) with methanol-water (50:50, vol/vol) as a solvent and a flow rate of 3 ml/min. During the chromatography, the eluate was monitored at 220 nm and the lytic activity of each fraction was checked as follows: 1-ml samples were brought to dryness in vacuo, dried material was taken up in 0.1 ml of 25% NaCl, and 0.1 ml of the indicator cell suspension was added. Cells mixed with an active fraction lysed immediately, leaving a viscous lysate, whose optical density was read at 578 nm.
Finally the lytic substance was purified by preparative layer chromatography with Merck Silica Gel plates using solvent system A (n-butanol-acetic acid-water, 4:1:1 [vol/ vol/vol]). The two bands visualized by exposing the plate to 12 vapor were scraped off and extracted with 50% methanol.
The small amount of acetate remaining in the extract was removed by repeated HPLC with methanol-water (50:50, vol/vol) as a solvent, and the final preparation was freezedried to obtain a white powder.
Spectroscopic method. Infrared spectra of KBr pellets of samples were taken with a JASCO A-202 infrared spectrophotometer (Japan Spectroscopic Co., Ltd., Tokyo, Japan).
'H-nuclear magnetic resonance spectra were obtained with a JEOL JNM-FX200 (JEOL Ltd., Tokyo, Japan) apparatus at 200 MHz with deuterated methanol (CD30D) as a solvent. Fast-atom bombardment mass spectra (negative) were taken with a JEOL JMS-HX100 spectrophotometer.
Bile acids determination. Contents of total bile acids of peptones were measured as follows (10) . A reaction mixture contained 0.6 ml of 0.166 M sodium pyrophosphate buffer (pH 9.0), 0.2 ml of 4.3 mM NAD, 2 ml of water, 0.1 ml of hydroxysteroid dehydrogenase (10 mg/ml in 30 mM Tris hydrochloride-1 mM EDTA [pH 7.2]), and 0.1 ml of a 20% solution of each peptone. The mixture was incubated at 25°C, the increase of the absorbance at 340 nm was recorded, and AA34Jmin was calculated from the initial linear portion of the curve. A calibration curve with sodium taurocholate as a standard bile acid was used to calculate the amount of the bile acids in peptones.
Individual bile acid levels were measured by the method of Okuyama et al. (16) . A 1-ml volume of a solution of peptone (1 mg/ml) was passed through a Sep-Pak Cl8 cartridge. After washing with 5 ml of water and 10 ml of 0.1 M phosphate buffer (pH 7.0), the bile acid fraction was eluted with 4 ml of methanol. A sample of the eluate was evaporated in vacuo and analyzed by HPLC using a minicolumn of immobilized 3a-hydroxysteroid dehydrogenase (16) .
Chemicals. Various peptones used in this study were obtained from manufacturers listed in the Results section. Authentic bile acids were purchased from Sigma Chemical Co. Hydroxysteroid dehydrogenase (code STDHP, 0.62 U/ml) was obtained from Worthington, a division of Cooper Biomedical, and NAD was obtained from Boehringer Mannheim.
RESULTS

Lysis of various bacterial strains in a 1% solution of
Bacto-Peptone (0118-01). Table 1 Fast-atom bombardment mass spectrum (negative) studies of the major component gave a molecular peak (M-H-) of 514. Acid hydrolysates of the component with 6 N HCI for 20 and 44 h at 105°C were subjected to amino acid analyses, which gave only one peak with the same retention time as that of taurine. These data strongly suggested that the major component might be taurocholic acid. Authentic taurocholic acid gave identical Rf values as those of the isolated major component on thin-layer chromatography with the two solvent systems. Proton nuclear magnetic resonance and infrared spectra of the preparation were identical with those of authentic taurocholic acid ( Fig. 1 and 2) .
The preparation of the minor component gave a fast-atom bombardment mass spectrum with a main molecular peak of 464, with a small concomitant peak of 514 of the contaminating taurocholic acid. This suggested the minor component to be another conjugated bile acid, glycocholic acid, which gave the same Rf values on thin-layer chromatography. The infrared spectrum was a mixture of those of glycocholic acid and taurocholic acid.
Lysis of H. cutirubrum with authentic bile acids. Lysis of H. cutirubrum was measured with various concentrations of taurocholic acid, glycocholic acid, and unconjugated cholic acid. Sodium cholate was not directly soluble in 25% NaCI at a concentration of 0.1 mg/ml even upon heating, whereas glycocholate was soluble after heating, and taurocholate was easily soluble in 25% NaCl even at a concentration of 1 mg/ml. Thus, the three bile acids were dissolved in distilled water and solid NaCI was added to give a final concentration of 1 mg of bile acid per ml in 25% NaCI, followed by dilution to appropriate concentrations. Sodium cholate was the strongest lytic agent, followed by sodium glycocholate and sodium taurocholate (Fig. 3) .
Measurement of bile acids contents in peptones. Contents of total bile acids of three peptones were determined using hydroxysteroid dehydrogenase as described in Materials and Methods. Bacto-Peptone (0118-01) and Peptone Bacteriological Technical (0885-01) contained 3.6 and 0.74 mg of total bile acids (as sodium taurocholate) per g, respectively; no bile acid was detected in Oxoid Bacteriological Peptone L37.
Further analyses of 15 components of bile acids by HPLC revealed that taurocholic acid was the major bile acid (40% of the total) of Bacto-Peptone, followed by glycocholic acid, taurodeoxycholic acid, and glycodeoxycholic acid ( Table 2) . Total bile acid content was 9.5 mg/g of Bacto-Peptone. Litho-and ursodeoxycholic acids, or their conjugates, were not detected. Peptone Bacteriological Technical, on the other hand, was shown to be practically devoid of bile acids (0.05 mg/g) ( Table 2 ). Oxoid Bacteriological Peptone L37 contained 0.28 mg of bile acids per g, which was less than 3% -C .~~- of the content of Bacto-Peptone (Table 2) . Discrepancies between the data obtained by the two different methods might be owing either to the presence of 3-hydroxysteroids, which could be substrates of the steroid dehydrogenase, or to the presence of some inhibitors of the enzyme in peptones.
Lysis with some other bile acids and surface-active agents. The lysis of H. halobium was measured with other bile acids, as well as with surface-active agents. Bile acids were dissolved in ethanol and mixed with cell suspensions at final concentrations as indicated in Table 3 , and lysis was followed by measuring the decreasing turbidity. Ethanol itself did not cause any turbidity change at the concentrations used. Taurochenodeoxycholic acid was the most efficient bile acid in lysing the halobacteria (Table 3 ). Sodium dodecyl sulfate at 100 ,ug/ml caused complete lysis at a rate of 0.185 AA578/min. Cetyl trimethyl ammonium bromide, which was freely soluble at 10% concentration in 25% NaCl, was not effective at a concentration of 300 pug/ml, but lysed the cells very slowly at a concentration of 10 mg/ml in 4 to pension in a 1% solution of Bacto-Peptone ( Table 1 ). The lysis of the strains of Halococcus was measured at high concentrations of sodium cholate. None of the strains of Halococcus morrhuae lysed at a concentration of 5 mg/ml in 25% NaCl even after 1 h of incubation at 30°C. However, further increase of the cholate concentration to 6.7 mg/ml resulted in slight lysis of Halococcus morrhuae NRC 16012 and very slight lysis of strains NRC 16006 and NRC 16018. These concentrations, however, are more than 100 times higher than those required for the lysis of H. cutirubrum or H. halobium.
DISCUSSION
Abram and Gibbons (1) and later Mohr and Larsen (12) showed that the anionic detergent sodium dodecyl sulfate and cationic detergents (cetyl trimethyl ammonium bromide and "Cetavlon") could lyse H. cutirubrum and Halobacte- (3, 9) . TS bile agar, used for the identification of the anaerobe Bacteroides fragilis, consists of tryptic soy agar containing 2% oxgall equivalent to 20% bile (26) , and the effects of bile and deoxycholate on some gram-negative anaerobes have been investigated (21) . Thus, the lysis of some bacteria with bile acids has long been known.
On the other hand, sodium cholate and sodium deoxycholate have long been used to solubilize lipoprotein-enzyme complexes (13) or to lyse bacterial spheroplasts (20) . A conjugated bile acid, taurodeoxycholic acid, was used to extract enzymes from plant tissue homogenates (14) . These concentrations used, however, were high, 4 to 10 mg/ml, compared to the 0.1 mg of sodium cholate per ml that lyses halobacteria.
Sodium deoxycholate is a convenient and inexpensive detergent for lysis of halobacteria to obtain genomic DNA (18) . Our work has shown that sodium taurocholate dissolves much more easily in high NaCl concentrations, so that it may be an ideal detergent for lysing such bacteria.
Taurochenodeoxycholic acid has an even stronger action, but is expensive.
These studies raise the question of why are the noncoccoid, extremely halophilic archaebacteria so much more sensitive to lysis by bile acids than are other archaebacteria and eubacteria? The cytoplasmic membrane composition of archaebacteria is well known to be different from that of eubacteria (7) and might provide a more sensitive site of action for cholic acids and conjugates. The fact that no lysis was observed in the methanogenic bacteria could be due to the strong cell walls of the latter. The same explanation may hold true for the halococci, which do not lyse even on being washed with distilled water (23) . Our studies have not yet included viable counts, which should give further information on this subject.
We noted, however, that different peptones could be used to count viable cells of halophilic eubacteria in hypersaline waters that also contain halophilic archaebacteria, mainly noncoccoid forms. Both halophilic eubacteria and archaebacteria formed colonies on a plate of the medium with Oxoid Bacteriological Peptone L37 recommended by Oesterhelt and Stoeckenius (15) . Replacement of the Oxoid Peptone with the Bacto-Peptone resulted in the complete disappearance of red colonies of archaebacteria. A number of noncoccoid halophilic archaebacteria possess an external layer of hexagonally arranged glycoprotein particles (7, 11) . The possibility that such a layer might act as a special binding site for bile acids, increasing their activity on the cell envelope, is being investigated.
